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Abstract 
In a globalised world, it makes sense to examine our demands on the landscape 
through the wide-angle lens of ecological footprint analysis. However, the impor-
tant impetus towards a more localised societal system suggests a review of this 
approach and a return to its origins in carrying capacity assessment. The determi-
nation of whether we live within or beyond our carrying capacity is entirely scalar, 
with national, regional and local assessments dependant not only on the choices of 
the population but the capability of a landscape - at scale. The Carrying Capacity 
Dashboard, an openly accessible online modelling interface, has been developed 
for Australian conditions, facilitating analysis at various scales. Like ecological 
footprint analysis it allows users to test a variety of societal behaviours such as 
diet, consumption patterns, farming systems and ecological protection practices; 
but unlike the footprint approach, the results are uniquely tailored to place. This 
paper examines population estimates generated by the Carrying Capacity 
Dashboard. It compares results in various scales of analysis, from national to lo-
cal. It examines the key behavioural choices influencing Australian carrying ca-
pacity estimates. For instance, the assumption that the consumption of red meat 
automatically lowers carrying capacity is examined and in some cases, debunked. 
Lastly, it examines the implications of implementing carrying capacity assessment 
globally, but not through a wide angle lens; rather, by examining the landscape 
one locality at a time. 
Introduction 
Effective land-use planning practice involves not only observations of how 
human behaviour might impact on the landscape, but also methodological reme-
dies responding to those challenges. As such, exhaustive diagnosis, while impor-
tant, is only half-way towards an effective response. In a planning context, Eco-
logical Footprint analysis has proven itself to be a highly effective tool in 
ascribing the degree to which current global societal practices reach beyond the 
sustainable long-term carrying capacity of the planet (McManus and Haughton, 
2006, p.126). However, the global scale of analysis means that Ecological Foot-
printing does not lend itself to on-the-ground responses scaled to place. Alterna-
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tively carrying capacity assessment more easily accommodates an anticipatory de-
sign processes at scales smaller than the global level because it involves the as-
sessment of actual pieces of land, against which future options in human behav-
iour can be measured. An online simulation tool, the Carrying Capacity 
Dashboard has been developed in order to facilitate a wider awareness of such is-
sues within in an Australian setting.  
Carrying capacity assessment versus Ecological Footprint analysis 
Ecological Footprint is an inversion of the carrying capacity approach. While 
carrying capacity assessment begins with a specific landscape and predicts the 
population it can support, Ecological Footprint takes a population and estimates 
the amount of land they require (Wackernagel, 1994). Accordingly, it first deter-
mines the demands of the population, either at a global or local scale and then cal-
culates the amount of land this set of lifestyle parameters would require. The land 
requirement however, could be drawn from anywhere on the planet (Ritchie, 
2012), is consequently usually measured in global hectares, and illustrates the 
condition of ecological overshoot when exceeding the actual land available. Given 
the globalised nature of modern trade, proponents of this approach argue that Eco-
logical Footprint analysis is thus an accurate representation of existing circum-
stances (Lenzen and Murray, 2003, p.6). 
In initiating the Ecological Footprint model in the early 1990s, Wackernagel 
(1994, p.101) divided both consumption and land-use into various categories in 
order to keep it quantifiably manageable. Consumption parameters comprise food, 
housing, transportation, consumer goods and services while land-use categories 
include fossil energy equivalent, built environment, gardens, crop land, pasture, 
managed forests and non-productive areas (Wackernagel, 1994, p.103). While 
seven of these eight categories are derived from existing land-use data, the fossil 
energy equivalent is an assumed figure that attempts to translate the use of non-
renewable energy sources into equivalent land area requirements. According to the 
Global Footprint Network (Borucke et al., 2011, p.13), the amount of land re-
quired to perform this function has grown ten-fold in the last 40 years and is now, 
“the largest contributor to humanity‘s current total Ecological Footprint.”  
In contrast to a carrying capacity approach, Ecological Footprint analysis gen-
erates nominal rather than geographically-specific land requirements. For exam-
ple, an analysis of Australia (Global Footprint Network, 2011) finds that each 
Australian individual requires about seven global hectares for their resource de-
mands. As the description suggests, these seven global hectares are not necessarily 
tied to any specific geographic location, but rather, form a generic landmass. Con-
sequently, its originators also referred to the process as “appropriated carrying ca-
pacity” (Rees, 1992, p.121). This approach is useful in comparing the demands of 
affluent lifestyles with those less privileged. For instance, at 0.7 global hectares, 
Bangladesh’s Footprint (Global Footprint Network, 2011) is a tenth of Australia’s. 
Ecological Footprint analysis is also an excellent measure of humanity’s ever-
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increasing demands on the natural environment as a whole (Wackernagel, 1994, 
p.85). However, as a land-use planning tool, its effectiveness can be limited by a 
focus on the global rather than local landscape. A further criticism levelled against 
this approach is that it is orientated towards an assessment of existing circum-
stances (Gutteridge, 2006, slide 8) rather than an exploration of potential alterna-
tives. As its name suggests, Footprint connotes an assessment of what has hap-
pened in the past or present, thus a society leaves a footprint. Wackernagel’s 
(1994, p.68) definition of the Ecological Footprint approach seems to reinforce 
this appraisal when he describes it as, “the land that would be required now on this 
planet to support the current lifestyle forever.” Alternatively carrying capacity as-
sessment more easily accommodates an anticipatory design process at scales 
smaller than the global level because it involves the assessment of real pieces of 
land, with actual rather than appropriated attributes, against which future options 
in human behaviour can be measured. While Ecological Footprint analysis is well 
suited to the identification of ecological overshoot, carrying capacity assessment is 
more able to guide a transition away from this societal predicament. 
The global predicament 
Ecological Footprint analysis (Global Footprint Network, 2011) suggests that 
humanity requires the equivalent of 1.5 planets to provide the resources and ab-
sorb the subsequent waste for its current population with its current lifestyle. The 
seven billion-strong global human throng is exerting such pressure on our existing 
societal and environmental systems as to suggest a re-evaluation of existing ap-
proaches to the way in which land and resources are managed and to the very 
structures that allow these problems to escalate. However, at present, most local 
regions possess neither the tools nor the know-how to assess the productive capac-
ity of their own precincts. To this end, carrying capacity assessment offers a way 
to assess our resource needs and also determine how best to meet these needs in 
the future. This process establishes direct causal relationships between a specific 
landscape, timeframe and people, and inherently links these aspects to systems of 
land usage and social function. 
While carrying capacity assessment offers significant insights into sustainable 
land-use practices such as highlighting optimal population distributions, efficient 
resource utilisation and comparing ideal scales for self-sufficiency, to date, this 
potential has largely been underutilised. Global trade has also made the process of 
localised carrying capacity assessment problematic because resource production, 
consumption and waste assimilation are often spread across vastly differing 
demographic and geographic landscapes. However, given compelling evidence of 
forthcoming resource depletion (McNamara, 2007, p.8) and the restrictions im-
posed by climate change, (Moir and Morris, 2011, p.12) the question must be 
asked: Is it desirable, or even feasible, to perpetuate the existing highly energy-
dependant globalised system of trade? If a less energy-intensive, more localised 
and reasonably self-reliant social configuration was adopted, practical planning 
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methods, such as carrying capacity assessment, could be employed to help guide 
this transition. 
Carrying Capacity Dashboard overview 
A recent innovation in the field of carrying capacity modelling is the launch of 
an online platform, the Carrying Capacity Dashboard (dashboard.carryingcapacity. 
com.au) which allows users to test various resource-based parameters for 60 dif-
ferent regions in Australia at three potential scales: national, state and regional. 
The aim of this openly accessible simulation is to better define and publicise how 
the process of carrying capacity modelling can operate and to give a broad audi-
ence the experience of testing various carrying capacity parameters for their own 
locations. Carrying capacity analyses, by definition, are reflective of particular 
pieces of land at a particular time, and any region invariably possesses its own 
unique physical characteristics, resources and environmental responsiveness. Con-
sequently, the Carrying Capacity Dashboard estimates maximum population 
thresholds based on the unique biophysical characteristics of specific geographical 
regions within Australia. The model accounts for various societal and agricultural 
systems, environmental protection processes and a range of lifestyle choices such 
as energy, water and food consumption. Given the complexity of the input data, a 
definitive carrying capacity population number is never likely to be achievable. 
However, it is possible to offer an approximate figure or range of figures as long 
as the variables are clearly articulated at the same time. For example, it may be 
possible to state that the Southeast Queensland region has a carrying capacity of 
say, two hundred thousand people, assuming that they ate a certain diet and 
farmed a certain way. The advantage of this approach is that these variables can 
also be dynamically altered and the impacts on carrying capacity observed. Other 
analysis derived from this modelling includes estimations of current population 
over capacity or under capacity, comparisons between regions, impacts of differ-
ing food consumption choices including vegetarian and meat diets, impacts of re-
source wastage and the effectiveness of recycling practices, together with com-
parisons of organic versus conventional farming, artificial fibre versus natural 
fibre and biofuel versus petroleum. 
Short-term and long-term parameters 
The Carrying Capacity Dashboard gives users the ability to manipulate 17 re-
source-usage parameters and five land-use types against 60 different Australian 
regions so the potential to generate a variety of output is considerable. Given the 
breadth of user-choice, the Dashboard offers two sets of default parameters based 
on short-term and long-term predictions. The short term parameters are set at cur-
rent Australian levels. For example, the average Australian diet is made up of 
about 13% animal products (Australian Bureau of Statistics, 1995), textile con-
sumption is about 23kg per person (Plastina, 2011), liquid fuel consumption is 
2520 litres per person (less than one percent being derived from biofuel) 
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(ABARES, 2010a), timber consumption is about half of one cubic metre per per-
son (ABARES, 2011) and there is about 730m
2
 of land required for infrastructure 
usage (ABARES, 2010b). Additionally, about two percent of Australian agricul-
tural production is estimated to be farmed organically (Pillarisetti, 2002) and 12 
percent of all food is wasted unnecessarily (Buzby et al., 2009) with a negligible 
amount being recycled back into the food supply. Applying the existing national 
land-use areas for cropping, pasture, non-agricultural, infrastructure and nature re-
serve land, the Carrying Capacity Dashboard generates an Australian population 
capacity of just over forty million people, almost twice the current population of 
22.3 million. 
Given the importance of long timeframes in carrying capacity analysis, Fearn-
side’s definition of sustainable carrying capacity as, “the maximum number of 
persons that can be supported in perpetuity on an area,” best describes an ideal ap-
proach. However, the concept of perpetuity presents significant difficulties when 
applying practical application to carrying capacity theory. As Cohen (1995, p.280) 
points out, carrying capacity predictions relying on indefinite amounts of time are 
operationally meaningless when it is impossible to confidently predict events infi-
nitely into the future. He argues that, “the precision of prediction declines very 
rapidly as the horizon of prediction recedes into the future,” and so all carrying 
capacity predictions should be regarded as conditional rather than absolute. How-
ever, the fact that accuracy in carrying capacity estimates may diminish over time 
does not mean that they should be discounted altogether. Rather, it just highlights 
the importance of making multiple estimates over various timeframes including 
the long-term. Consequently, Dashboard users are also provided with a set of 
long-term carrying capacity default parameters in order to more easily choose a 
configuration reflective of sustainable societal practice. The long-term default op-
tion, however, is but one possible future scenario and users are able to alter any of 
the Dashboard’s parameters according to their own visions of the future. 
The underlying assumption in the long-term default parameters is the exhaust-
ibility of fossil-fuel based resources. Consequently, the organic, biofuel and natu-
ral fibre parameters are all increased to 100 percent while liquid fuel consumption 
is assumed to reduce dramatically. Additionally, the population’s diet is realigned 
with the healthy eat habits identified by National Health and Medical Research 
Council (Byron et al., 2011) and includes 7.5 percent meat products. Given that 
many of these changes generally reduce food production, it is thus assumed that 
food might be valued more highly in the future and every effort made to minimise 
waste and maximise recycling practices. In the absence of fossil fuels in the pro-
duction of agricultural produce (as well as in other industries) it is also assumed 
that the average physical activity level of the population would need to increase to 
a much higher level than at present, necessitating the consumption of more kilo-
joules, as muscle-power replaces machine-power. In the absence of artificial fibre 
production, textile consumption is assumed to decrease while the absence of fossil 
fuels is assumed to lead to an increase in timber consumption through increased 
firewood and timber-based construction. Lastly, the Dashboard includes a parame-
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ter which estimates long-term climate variability. While not currently accommo-
dating Climate Change, this parameter takes into account the possibility of poor 
productivity in some years when carrying capacity will be smaller than usual due 
to factors such as drought and floods. It is important to note that if a society in-
tends to live within the carrying capacity of its productive landscape on a long-
term basis, then it will need to limit population not to the expected maximum level 
of production, but rather the anticipated minimum. In other words, societies must 
prepare for years with poor yields in order to maintain long term resilience. 
An examination of the carrying capacity of Australia’s regions under the long-
term parameters reveals an even starker picture than under the short-term configu-
ration. Only 13 of the 60 regions are actually under capacity and these are all ei-
ther in the Murray-Darling Basin or Western Australia’s south-west corner. The 
main reasons accounting for lower carrying capacities under long-term settings is 
the extra requirements on productive land for biofuel, higher physical activity lev-
els necessitating higher per capita food supplies, and lower yields from climate 
variability and organic production techniques. 
Dietary protein 
The Dashboard parameter entitled meat-eggs essentially adjusts dietary protein, 
with the uppermost choice, 15 percent, indicating a high degree of animal-sourced 
protein while zero percent reflects a vegan diet. Other significant points within 
this range include the 1.5 percent parameter reflecting an ovo-vegetarian diet, the 
2.5 percent parameter reflecting an ovo-lacto vegetarian, the 7.5 percent parameter 
reflecting a healthy meat diet (Byron et al., 2011) and 13 percent being current 
consumption levels. Generally, results from the Dashboard show that diets with 
less meat require less land. However, there are exceptions to this trend. 
For Australia’s short-term carrying capacity, the highest meat-eggs option (15 
percent) results in a carrying capacity of just over 39 million people while the ve-
gan diet results in a capacity of 80 million people. The Dashboard offers another 
meat-related parameter of a population’s diet, which attributes a proportion to 
white or red meat according to the user’s choices. Generally, this parameter trans-
fers the demands on pasture land for red meat animals such cattle and sheep to that 
of cropping land required for the production of grain for chickens and farmed fish. 
While the red meat animals generally require more land for meat production than 
white meat animals the resultant carrying capacity is also dependant on the avail-
ability of either cropping land or pasture land. For example, Australia’s carrying 
capacity increases for diets between zero and 40 percent but then decreases for di-
ets with a higher proportion of red meat than 40 percent (figure 1). The reason for 
this inflection point is the fact that for diets with more than 40 percent red meat, 
there is no excess pasture land so the model apportions some of the cropping land 
to the grazing of animals, thus reducing the amount of other food production such 
as cereals. However, once the red meat component decreases beyond 40 percent, 
an excess of pasture land develops which, according to the model, is unproductive, 
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or alternatively could consist of an excess of food for potential export to other ar-
eas (but without increasing the carrying capacity of Australia, in this case). As this 
unproductive land increases, the carrying capacity decreases. Consequently, if the 
Australian population wished to maximise its carrying capacity under these cir-
cumstances, it would choose a red meat component of 40 percent in their diet. For 
the purposes of this analysis, it is assumed that much of Australia’s land under 
pasture is unsuitable for the growing of crops. However, if some of the agricul-
tural land currently used for pasture can be converted to cropping land, carrying 
capacity could be increased beyond the maximum levels indicated by current data. 
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Figure 1: Carrying capacity of Australia based on short-term default parameters and a range of 
0% to 100% in the red meat parameter. 
Localised production 
One of the foundational tenets initiating this research is that societies in the fu-
ture will need to garner their resources on a more regional basis. This conclusion 
was drawn partly from the proposition that closer contact with its productive base 
might engender less environmentally destructive behaviour in the population 
(Vail, 2006), but also from the viewpoint that fossil fuel depletion will necessitate 
such a change. For instance, it is questioned whether the current global supply 
chains, so reliant on cheap and easily-accessible fossil fuel for transportation, will 
be able to operate as effectively in a post-peak oil world. Using the Dashboard, it 
is possible to compare the carrying capacities within Australia, based on both 
small-scale and large-scale resource utilisation, reflecting the open trade of re-
sources at a regional and continental scale. 
The carrying capacity of Australia can be calculated in two ways; firstly as na-
tionally self-reliant and also as a collection of regionally self-sufficient entities. It 
was found that, for Australia, the large-scale capacity (for short-term parameters) 
is over 40 million, but as an aggregation of smaller regions, it is only about 23 
million people. Likewise, under the long-term configuration, findings suggest that 
if resources are to be utilised at the regional scale, Australia will only be able to 
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support less than four million people, whereas it will be able to support more than 
9 million if resources are utilised nationally. 
The reason for this discrepancy between large and small-scale resource utilisa-
tion is the efficiency of land-use in either instance. Under small-scale circum-
stances there is likely to be more land under-utilised as evidenced by analysis of 
excess pasture and non-agricultural land. With large-scale utilisation, however, 
excess land is generated from the usage of all land collectively rather than in small 
pieces, so the excess portion is likely to be smaller in size overall. As such, large-
scale resource usage is generally deemed to be more efficient in land usage than 
small-scale. It should be remembered, of course, that these projections assume 
complete self sufficiency within the boundary under question (either national or 
regional) so excess land is treated as land which does not contribute to the produc-
tive nature of the region. This may not always be the case, because land excess to 
local requirements could, in reality, still be utilised for a population who fall out-
side the boundary. This dynamic merely reflects the nature of inter-regional trade 
and could potentially support populations beyond the carrying capacity of their lo-
cal landscape. Alternatively, local populations could adjust their resource con-
sumption habits, such as their diet, to reflect the productive nature of their local 
landscapes, although if this meant a dramatic increase in red meat consumption, 
health implications may also need to be taken into consideration. Of course, while 
this analysis shows that larger scales may produce higher carrying capacities than 
small-scales, the problem of continuing to effectively operate the long-distance 
trade implied by the continental scale in a fossil-fuel depleted future, needs also to 
be taken into consideration. 
Even if the Australian population aimed for national, rather than regional self 
sufficiency, analysis of the carrying capacity of the continent under the 
Dashboard’s long-term parameters indicates a capacity of about nine million peo-
ple while the current population is already more than 22 million and still growing. 
This disturbing discrepancy poses questions about how a future population might 
actually support itself. While a downward adjustment of the biofuel component in 
the model goes some way to making up this difference, it could be assumed that 
reducing it beyond the 253 litres per person level (already only ten percent of cur-
rent usage) would mean withdrawing significant amounts from agricultural prac-
tice, which would probably actually diminish yields (and carrying capacity) fur-
ther. In any case, even if a different source of fuel was found and biofuel 
production is reduced to zero in the Dashboard, the restrictions imposed by the 
other long-term parameters still reduce the carrying capacity of Australia to about 
18 million people.  
Lastly, it is possible to use the Dashboard modelling to explore the possibility 
of internal Australian migration in order for the population to reach carrying ca-
pacity at a regional scale. While the suggestion of a mass-exodus of populations 
from Australia’s major cities may seem melodramatic, some degree of de-
centralisation of the population in the future will be necessary. Prior to the indus-
trialised introduction of fossil fuels to agricultural practice in Europe, for example, 
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only about half the population were able to be supported in non-agricultural activi-
ties by the farming population (Mazoyer et al., 2006, p.331). Today, a mere five 
percent of the population is able to produce the food for the remaining 95 percent 
(Mazoyer et al., 2006, p.376). However, if fossil fuels are to be withdrawn from 
this agricultural system, it stands to reason that more human-powered labour will 
be needed in agricultural activities such as planting, harvesting and weeding. Per-
haps future regionalisation might not be as dramatic as pre-industrial levels, but 
nevertheless, it is likely to necessitate some movement of the population. If this 
migration is to occur at the geographic scales analysed in the Dashboard, the 
Murray-Darling Basin and South-west corner of Australia are regions most able to 
support increased self-reliant populations. In this case, however, it would be vital 
that increased population not jeopardise productivity by the building of non-
productive infrastructure on good quality agricultural land. 
Summary of analysis 
The testing of determinants of self sufficiency at various scales in the Carrying 
Capacity Dashboard offers much insight into land utilisation and human consump-
tion issues. For instance, it was found that eliminating current unnecessary food 
wastage in the food supply chain could increase carrying capacity by about ten 
million people. Additionally, it was found that meat and animal product consump-
tion accounts for the largest area of food-land requirements by a wide margin. 
However, red meat, in particular, tends to be produced on land of lesser agricul-
tural quality and in Australia, this makes up the vast majority of the landscape. So, 
while changes in diet can affect projections of population carrying capacity, the 
factor determining maximum carrying capacity is often the proportion of cropping 
land to pasture land within any one region. If an excess of pasture land exists, then 
changes to diets with less meat do not increase carrying capacity. In fact, such die-
tary changes may actually decrease carrying capacity. 
While dietary changes that necessitate an increase in lesser quality land, such as 
pasture, can sometimes reduce carrying capacity, this is not the case for the pro-
duction of biofuels due to the fact that such production competes directly with 
good quality crop-growing land. Consequently, the Dashboard indicates that bio-
fuel production in any quantity reduces carrying capacity so any redirection of ag-
ricultural land usage to fuel production should be considered very carefully. 
Some findings generated by the Dashboard modelling seem to suggest planning 
imperatives of a contradictory nature. For instance, if decisions were merely made 
on the basis of maximising carrying capacity, then according to the Dashboard, 
organic agricultural production would be avoided and resources would continue to 
be produced on as large a geographic scale as possible (on account of national 
scales producing larger carrying capacities than smaller scales). However, other 
important systemic issues also need to be considered such as resource depletion, 
food security, human health and environmental sustainability, so land-use plan-
ning decisions need to take place in a context of seemingly divergent priorities. 
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Ultimately, it is the responsibility of all designers of future systems, including 
land-use planning, to safeguard against potential societal and environmental harms 
in the context of biophysical constraints. As such, the impetus needs firstly to fo-
cus on the identification and measurement of biophysical constraints because, 
while there is often some flexibility in societal systems, physical limits to popula-
tion growth are usually not as open to negotiation. For instance, a future shortage 
of petroleum fuel potentially forms an immovable barrier against which other de-
cisions need to be made. Some may argue that other technologies or transport sys-
tems non-reliant on petroleum will be developed to fill this void but in the absence 
of evidence to suggest that any such technological revolution might be imple-
mented within sufficient time, it seems incumbent on planners to consider strate-
gies of adaptation that necessitate changes to the way we live, where we live, what 
we consume and the scale of our self sufficiency. In this case, a more localised 
system of production may help to safeguard food security and societal decisions 
such as the protection of agricultural land close to urban areas should be made in 
this context rather than merely assuming business as usual circumstances and 
maximised carrying capacity outcomes. 
It is thus suggested that increased localised self-sufficiency should be a goal of 
all regions. Findings from the Dashboard suggest that such self-sufficiency, par-
ticularly around Australia’s large urban centres is problematic, if not impossible. 
However, full self-sufficiency need not be the aim Australia-wide. Rather, im-
proved food security would suggest that a much larger proportion of a city’s food 
supply should be more accessible to each population, in case possible interruptions 
to the existing elongated supply chain should leave the over-capacity regions un-
der-resourced. 
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